ABSTRACT -One thousand and fifty (1,050) Ross male broilers from 23 to 36 days of age were used to evaluate the dietary effects of levels of lysine. It was used a random block design with 5 levels of digestible lysine (0.95; 1.00; 1.05; 1.10 and 1.15%). Each level was applied to seven replicates and the experimental unit was composed of 30 birds. Diets were offered in seven replicates and the experimental unit was represented by 30 birds. Weight gain, feed intake, feed conversion, carcass traits, cut yields, composition and deposition of body nutrients were evaluated. The concentration of 1.09% of digestible lysine optimized performance without significant effects on feed intake. Carcass traits and cut yields had no significant differences among levels of lysine. On the other hand, there was a quadratic effect on carcass weight, which was the best at the level of 1.07% of digestible lysine. On crude protein content of the empty body, the best response was observed at the level of 1.10% of dietary lysine. This same level corresponded to a quadratic response in the deposition of water from carcass and empty body. The level of digestible lysine for better performance, chemical composition and body nutrient deposition in broilers from 23 to 36 days of age is between 1.07 and 1.10%. 
Introduction
Because of the advances in genetic improvement, there is a constant need to reassess and to update the nutritional requirements of broiler chickens. These requirements are also associated with management, environment and health conditions in which birds are kept. Genetic gains in growth rates, feed conversion and carcass yield are constant challenges to nutrition because the genetic potential of the birds is influenced by other factors. Thus, to improve the performance of these birds, it is necessary to know the nutritional requirements under the continuous process of genetic improvement (Lana et al., 2005b) .
Besides the genetic and environmental conditions, recommendations to meet amino acid requirements in different countries depend on food programs and criteria for response evaluations in the parameters of interest. In food programs, special attention is given to the ingredients used in diet, especially protein sources. Remarks to this effect were made in relation to the intake of lysine and its effects on performance and body composition of birds (D 'Mello, 2003; Lana et al., 2005a; Toledo et al., 2007; Trindade Neto et al., 2009 and 2010) . As for excess, a fraction of amino acid intake is catabolized and the rest are used for energy production or excreted as nitrogen. The eliminated part becomes pollutant as well as economic losses because of the cost of these nutrients in the diet. Thus, this study was carried out with the objective to determine the digestible lysine requirement for Ross broiler males from 23 to 36 days of age.
Material and Methods
The experiment was conducted at the Setor de Avicultura of the Departamento de Nutrição e Produção Animal (VNP-FMVZ), of Universidade de São Paulo, campus of Pirassununga, Brazil. The facilities were constituted of a masonry shed divided into 36 plots with 4.25 m 2 each. The plots were equipped with tubular feeders, bell drinkers and floor covered with sawdust, and side windows and blinds to control the internal environment.
One thousand and fifty (1050) broilers, Ross, from 23 to 36 days of age were used to evaluate the effects of dietary lysine levels. The experimental design was randomized blocks with 5 levels of digestible lysine (0.95; 1.00; 1.05; 1.10; and 1.15%). Each level was applied to seven replicates and the experimental unit was composed of 30 birds. Diets were offered in seven replicates and the experimental unit was represented by 30 birds. The diets had 19% CP, 3,150 kcal ME and were formulated with 0.95, 1.00, 1.05, 1.10, 1.15% lysine (Table 1) .
The diets were formulated based on the nutrient composition of ingredients presented by Rostagno et al. (2000) . Diets were offered ad libitum to the birds; however, they were guided by the technical manual of genetic lineage (Agroceres, 2004) . The average feed intake was established by the difference between the amount offered in the experimental period and the remnant amount at the end of the studied phase. The ratios between the other amino acids and lysine followed the guidelines of Rostagno et al. (2005) .
Before the experimental period, birds in this study were fed a control diet formulated to meet the nutritional requirement of the strain which was: 3,050 kcal ME; 21% CP; 0.95% calcium; 0.45% available phosphorus; 0.22 sodium; 1.1% digestible lysine.
On the performance evaluation, it had been considered the final average weight, weight gain, relative weight gain, feed intake and feed conversion. The relative weight gain was defined as the ratio between weight gain achieved at the end of the experimental period divided by the weight of the bird at the beginning of the phase, expressed as a percentage. Feed intake was adjusted according to the mortality from each experimental unit. The intakes of lysine, metabolizable energy and lysine metabolizable energy ratio were obtained from food consumption data obtained during the experimental period and from the diet calculated composition.
For analysis of chemical composition, percentages of water, protein, lipid and ash of blood and viscera, carcass and empty body were considered. From the composition, it was determined deposition rates of water, protein, lipid and mineral in carcass and empty body, and protein/protein and water/lipids ratios were calculated.
On the first day of the experiment, 8 birds were randomly sampled and slaughtered for comparative purposes. The fractional blood, viscera and carcass were separated. After processing and chemical analysis of body fractions, the amounts of protein, water, lipid and ash were used as parameters for determining the chemical composition and deposition of body nutrients at the end of experiment. The data of body composition on the first day of the experiment were used to calculate the deposition of nutrients at the end of evaluation period.
At the end of the experiment, two birds that represented the final average weight of each plot were selected and slaughtered for determination of chemical composition and deposition of body nutrients.
For slaughter, it was adopted the method of bleeding, in which blood was collected in plastic bags. The viscera were removed and washed for their contents. After that, offal, which was considered as the digestive tract, reproductive organs, heart, liver, spleen, lungs, kidneys, glands and adjacent fat and blood became the fraction of offal and blood, respectively. After complete bleeding and gutted, chicken remaining with head, feet and feathers were considered as carcass. After identification, offal and carcass were weighed and frozen.
The empty body was defined as the difference between body weight and gastrointestinal content which was numerically close to the value of the reconstituted body weight, defined as the sum of fractions carcass, blood and offal. The difference between fasting body weight and reconstituted body weight was considered such as gastrointestinal contents and water lost by evaporation or in packaging pre-and postprocessing (Trindade Neto et al., 2009). By using the procedures described by AOAC (1984) chemical analyzes of samples from food and feedstuffs were performed. Frozen samples of body fractions were reduced to a paste with the aid of a meat grinder. Next, four samples from each body fraction were stored in Petri dishes for subsequent lyophilization (Leme et al., 1994 , Shields et al, 1993 .
The freeze drying occurred in Stokes model equipment, vacuum system at 3 mm Hg of maximum pressure at -15 o C as initial temperature and final temperature of 10 o C. This process was carried out by sublimation. The dried samples were ground separately in a blender with dry ice for further analysis, in duplicate, in the Laboratório de Bromatologia da FMVZ-USP.
It was considered on the analysis of chemical composition the following contents: water, protein, lipid and ash, expressed in percentages in fractions of blood and offal, carcass and empty body. The data were expressed on fresh matter, dry matter corrected by 105° to avoid errors due to reabsorption of water during processing. Deposition rates of water, protein, lipid and mineral were determined on carcass and empty body at the end of the experimental period. These rates were obtained from the difference between initial chemical composition at 23 days of age and at the 36 days of age. The determinations of ether extract, crude protein and ash were in accordance to AOAC (1984) .
Normality of residuals (Shapiro-Wilk test) and variance homogeneity of data for all variables were verified. The data were analyzed by regression using SAS (1996) , by the General Linear Models and means were compared by orthogonal contrast.
Results and Discussion
During performance evaluation ( The weight gain of the birds, due to the increase of dietary lysine levels, coincided with the intake estimated between 18.5 and 22.1 g, from the lowest to the highest level of inclusion in the diet (obtained from the composition calculated). In the setting of the proportional gain, through the relative weight gain, according to the quadratic equation Y .. = -1.8115 + 7.5057 X -3.4694 * X 2 (R 2 = 78.21), 1.08% of lysine was suggested at optimal level, confirming earlier observations.
Feed intake was not affected by dietary levels of amino acid, confirming the data reported by Valerio et al. (2003) and Trindade Neto et al. (2010) , when studying levels of lysine for broilers from 22 to 42 days of age. Consumption data, depending on the levels of lysine are controversial, however. Borges et al. (2002) and Valerio et al. (2003) , using birds at similar ages to this study and from several lineages, found no effect of lysine level on consumption. Other authors found that gradual increasing dietary lysine for chickens of different ages affected negatively feed intake (Fatufe et al. 2004; Sklan & Noy, 2004; Namazu et al., 2008 ). The responses suggest a level similar to that indicated by Rostagno et al. (2005) , 1.099% of digestible lysine for broiler chickens with great performance between 22 to 33 days of age. Similar value was proposed by Lana et al. (2005b) who suggested 1.075% lysine, based on final weight and weight gain of broilers from 22 to 42 days of age maintained under thermo neutral environment.
In this study, however, the results were different from those obtained by Amarante Junior et al. (2005), who suggested 1.03% digestible lysine for broilers from 22 to 42 days of age, and by Costa et al. (2001) , who indicated 1.044% digestible lysine for broiler chickens of the same strain from 22 to 40 days of age. As indicated in this study, the optimum level is about 20% higher than the suggested in the technical manual line used (Agroceres, 2004) , which suggests 0.92% digestible lysine for the period of 29 days of age until slaughter.
In the sampling of birds for carcass evaluation, it was observed a quadratic effect on slaughter weight (Table 3) , which varied according to equation Y .. = -3595.45 + 10174X -4725.9184X 2* , indicating the optimum level of lysine, 1.076%. Yields of abdominal fat, liver, thigh + drumstick, wing, breast and carcass were not influenced by the level of dietary lysine. The absence of statistical differences in this variable was due probably to the genetic characteristics of chicken in response to nutrient levels studied. The variation of 17.4% from the lowest to the highest level of lysine studied corresponded to a 7% of increase in weight gain of the bird. This difference did not affect the efficiency of the broilers to convert dietary nutrients in proportional deposition of body tissues (fat and protein). Considering the range of lysine levels in this study and the range of feed conversion of 6.4%, the results of carcass characteristics suggest possibility of diets manipulation according to feed cost and price of chicken paid for the farmers. Conhalato et al. (1999) , studied the lysine requirement for broiler males from 22 to 42 days of age at levels from 0.80 to 1.02% and found no significant effects of lysine levels on carcass, breast and legs.
The results obtained for carcass traits and yield cuts differ from those found by Costa et al. (2001) in a similar study with broilers from the same lineage and age. These authors observed a linear increase in carcass and breast yield and a decreasing effect on abdominal fat in the extent to which increased the level of dietary lysine. In that study, proposed 1.04% digestible lysine requirement as Ross broiler males from 22 to 40 days old.
A quadratic effect (P<0.05) of lysine was observed on carcass weight (Y .. = -3998.83 + 10525X -4901.5286X 2* ) and the level of digestible amino acid indicated as optimal level was 1.07%, a value similar to slaughter weight, when the performance characteristics were evaluated (Table 4) .
The lysine level produced a quadratic effect on water deposition on carcass (P <0.001) and empty body (P <0.05) ( Table 5) . After carcass water deposition, the variation of protein deposition rate among lysine levels suggests muscle mass accretion up to 1.10% of lysine, and both are associated with deposition. The efficiency of carcass protein deposition could be confirmed by the ratio between protein and lipid (fat) accumulation. The results in this variable corresponded to the same variations of carcass weight and water deposition, although the coefficient of variation was higher, not allowing the characterization of the statistical effect. Based on these results, the ascendancy and the highest value for protein/lipid ratio also suggest a better response at the level of 1.10% digestible lysine. 
